Potential role of mitochondrial damage and S9 mixture including metabolic enzymes in ZnO nanoparticles-induced oxidative stress and genotoxicity in Chinese hamster lung (CHL/IU) cells.
The present study was designed to examine genotoxicity induced by 10-40 nm zinc oxide (ZnO) nanoparticles using the in vitro system. The frequency of micronuclei was significantly increased in a dose-dependent manner when cultured Chinese hamster lung (CHL/IU) cells were exposed to ZnO nanoparticles for 24, 48 and 72 h in the continuous treatment method. The maximal frequency of micronuclei was observed in exposure of CHL/IU cells to ZnO nanoparticles at a concentration of 125 μM. The frequency of micronuclei was profoundly enhanced when CHL/IU cells were exposed to ZnO nanoparticles in the presence vs. absence of S9 mixture including metabolic enzymes in the short-term treatment method, demonstrating an increase in the formation of micronuclei by S9 mixture. The maximal frequency of micronuclei was seen in exposure of CHL/IU cells to ZnO nanoparticles at a concentration of 140 μM. Similar results were obtained in chromosome aberrations, particularly structural aberrations. Surprisingly, administration of the superoxide radical scavenger, tempol, completely abolished an increase in the frequency of micronuclei in the presence or absence of S9 mixture, indicating a central role of superoxide radical in the formation of micronuclei. Indeed, reactive oxygen species (ROS) generation was elevated by simultaneous incubation of S9 mixture and ZnO nanoparticles and by exposure of CHL/IU cells to ZnO nanoparticles in the presence or absence of S9 mixture. An electron microscopic examination revealed mitochondrial damage in CHL/IU cells exposed to ZnO nanoparticles, indicating the participation of mitochondrial dysfunction in ROS generation in this setting. These observations suggest that ZnO nanoparticles evoke genotoxicity through superoxide radical-induced oxidative stress derived from mitochondrial damage in CHL/IU cells. S9 mixture appears to contribute to a further increase in genotoxicity through the generation of superoxide radical by metabolic activation of ZnO nanoparticles.